Abstract Effective care coordination is a key quality and safety strategy for populations with chronic conditions, including children with medical complexity (CMC). However, gaps remain in parent report of the need for care coordination help and receipt of care coordination help. New models must close this gap while maintaining family-centered focus. A three-armed randomized controlled trial conducted in an established medical home utilized an advanced practice registered nurse intervention based on Presler's model of clinic-based care coordination. The model supported families of CMC across settings using telephone only or telephone and video telehealth care coordination. Effectiveness was evaluated from many perspectives and this paper reports on a subset of outcomes that includes family-centered care (FCC), need for care coordination help and adequacy of care coordination help received. FCC at baseline and end of study showed no significant difference between groups. Median FCC scores of 18.0-20.0 across all groups indicated high FCC within the medical home. No significant differences were found in the need for care coordination help within or between groups and over time. No significant difference was found in the adequacy of help received between groups at baseline. However, this indicator increased significantly over time for both intervention groups. These findings suggest that in an established medical home with high levels of FCC, families of CMC have unmet needs for care coordination help that are addressed by the APRN telehealth care coordination model.
Introduction
The recommended approach for primary care of all children is the medical home [1] . Care coordination is an essential component of this model [2, 3] and a key quality and safety strategy for populations with chronic conditions [4] [5] [6] [7] . The Maternal Child Health Bureau defines care coordination as, ''a process that links children with special health care needs and their families to services and resources in a coordinated effort to maximize the potential of children and provide them with optimal health care'' [8] . Children with medical complexity (CMC) [9] have chronic conditions involving multiple body systems, multiple service providers, rely intermittently or chronically on lifesustaining technology and high health resource utilization [9, 10] . CMC represent \1 % of the total population of children [11, 12] , but their health care expenditures accounted for nearly one-third of pediatric health care costs in a Canadian province [12] and four times the cost of non-CMC in a panel of US children [13] . Life expectancy of CMC is increasing due to improved health care interventions [14] and their medical and social complexity can intensify coordination needs across settings and over time [15] . The purpose of this paper is to present preliminary FCC is a preferred approach to partnering with families within the pediatric medical home [3, 21] . The National Quality Forum (NQF) identified FCC as a practice standard for care coordination [41] and this element is a core outcome endorsed by the Maternal and Child Health Bureau and measured by the NS-CSHCN [42] . FCC coordination recognizes the family as partner and primary decisionmaker in all aspects of a child's care [43] . It is proactive, based on developmental needs of the child and family, and includes educating all persons involved with the child on planned and emergency transitions of care [28] . The intensity and type of FCC coordination needed by CMC is related to the complexity of their physical and psychosocial conditions [15, 44] . Families report their greatest challenge as the stress of coordinating multiple providers [45] and the lack of communication between services and providers [46] . Effectiveness measures of FCC coordination should include broader measurement of care coordination need.
This paper reports only on FCC outcomes from a 4-year three-arm randomized controlled trial testing effectiveness of a medical home based care coordination model for CMC, delivered by an APRN via telehealth. An APRN care coordinator role was selected because advanced scope of practice, and clinical autonomy align with the complex health and care coordination needs of CMC (Fig. 1) [15, 23] . We hypothesized that the need for care coordination help would not differ between study groups, but FCC and adequacy of care coordination help received would increase for intervention groups.
Methods

Setting and Subjects
Institutional Review Boards approved this study. The setting was a large, urban, general pediatrics clinic affiliated Fig. 1 Zone of valueÓ for matching nurse scope of practice with population health care. From: Looman et al. [15] with a non-profit children's hospital. The clinic serves approximately 800 CMC who are enrolled in a state certified medical home conforming to American Academy of Pediatrics (AAP) guidelines [47] . All CMC enrolled in the medical home were screened for eligibility criteria which included age, parental language and condition severity. A 2 year age minimum excluded neonates who resolve conditions with age and a 15 year age maximum avoided transition to adult services. English speaking parent/ guardian eliminated variability in data collection. Meeting four of five CSHCN Screener [48] criteria ensured a study cohort reflecting the CMC definition. Parents of the 375 eligible children received recruitment information by mail or during clinic visits. Interested parents met with study staff who explained the study protocol and participation risks and benefits. Written informed consent to participate was provided by 172 families. Nine subjects withdrew prior to randomization. This paper reports on 163 randomized subjects.
Study Design
TeleFamilies is a 4-year three-arm randomized controlled trial testing effectiveness of increasing levels of telehealth technology and care coordination, delivered by a clinicbased APRN, on healthcare service utilization (HCSU) and secondary satisfaction, FCC and quality of life outcomes. The study has 80 % power to detect a mean difference in the primary outcome (HCSU). Study participation was 30 months. Upon completion of a 6-month baseline period, subjects were randomized to one of three care coordination groups: standard (control) group (n = 55); APRN intervention via telephone group (n = 54) or APRN intervention via telephone and interactive video group (n = 54). Randomization was stratified by age (2-5, 6-12 and 13-15 years).
The clinic in which the study was conducted utilized a medical home model of care coordination [16] , with the PCP managing and coordinating overall care. A typical clinic visit included PCP review of the electronic medical record (EMR), parent history of recent clinical encounters, assessment, diagnosis and adjustment of the plan of care. After the clinic visit, the PCP directed clinic staff (RNs, LPNs, schedulers, medical assistants and referral coordinators) to follow-up on orders for procedures, treatment changes, referrals to sub-specialists, and community resources. Between clinic visits, questions from families and external entries were routed to available staff rather than a single contact familiar with the child and family. An off-site triage service handled after-hours/weekend concerns. All subjects in the control group received this model of care coordination.
Intervention
For both intervention groups, the model of PCP managing and coordinating overall care remained unchanged, along with the after-hours/weekend off-site triage service. What differed for intervention subjects was assignment of a single clinic-based APRN care coordinator who provided a consistent point of contact that supported cumulative knowledge of the child's clinical and psychosocial course, and who worked collaboratively with each child's PCP before, during, after and between clinic visits. Before clinic visits, the APRN summarized clinical and psychosocial needs addressed since the last clinic visit and provided PCP and family with a common understanding of interim needs and treatments without extensive medical record review. During clinic visits, the APRN advocated patient/families preferences in the plan of care. After and between clinic visits, the APRN followed-up on all coordination needs. The use of a single APRN ensured fidelity of the intervention.
Care coordination activities with parents were conducted primarily via telehealth and included acute and chronic condition management, and support, education and follow-up. Parents of subjects in the telephone intervention group used telephone telehealth to conduct these activities, while parents of subjects in the video intervention group used telephone and interactive clinic-home video. Video visits utilized a HIPAA-compliant, web-based platform (Virtual Interactive FamiliesÓ, Cedar Falls, IA) and occurred whenever the APRN or parent felt video would enhance communication, diagnosis and/or treatment. Examples include skin, respiratory and acute injury assessments, and observing/teaching parents and home health nurses during treatments (i.e. wound care). The APRN also met with families during PCP clinic visits to maintain the coordination relationship and address needs, and during hospitalizations to assess the current plan of care and make adjustments for discharge transition. Examples include medication/treatment changes, feeding plan or equipment changes, and intensity of home care services.
Care coordination activities with the interdisciplinary medical home team were conducted in-person and via EMR communication. The APRN was a consistent single point of contact for coordinating care with other providers, payers and community resources (schools, home care, equipment/supply vendors and community services) and care coordination activities were conducted via telephone or mail. The APRN provided care coordination in other service delivery settings which included individual education plan (IEP) meetings, visits to home care agencies and equipment suppliers and communicating plan of care changes with schools and home care agencies.
Measures
Effectiveness of the care coordination model was measured using three outcome indicators: 5-item FCC subset, need for care coordination help, and adequacy of care coordination help received. All three indicators were taken from the 2005-2006 NS-CSHCN [49] , and appear in Fig. 2 . Validity and reliability of all indicators has been reported [50, 51] . Because the 5-item FCC [49] subset does not measure the effect of non-physician care coordinators, two additional indicators were included: family need for care coordination help and adequacy of care coordination help received [49] . The need for care coordination help is our relabeling of 'could of used extra help arranging or coordinating care' and responses of usually or always was categorized as needing help. Adequacy of care coordination help received is our relabeling of 'getting as much help as wanted arranging or coordinating care' and responses of usually or always was categorized as adequacy of help received.
Data Collection
Study data were collected by self-report from the parent or legal guardian of children enrolled in the study, using a paper survey booklet that contained five standard validated surveys and a subset of questions from the 2005-2006 NS-CSHCN [49] . Demographic data was abstracted from the child's EMR. Only the subset from the NS-CSHCN is reported in this paper. Future papers will report findings from the standard surveys.
The survey booklet and an addressed, stamped return envelope were distributed by mail at three distinct data collection points: completion of baseline period; completion of first randomization year; completion of second randomization year/end of study. Over the 30 month study, 14 subjects withdrew (control = 7, telephone = 4, video = 3) and one subject died (control).
Data Analysis
Demographic data were compared for differences between groups at baseline. FCC coordination effectiveness was tested using data collected for the three outcome indicators (FCC, need for care coordination help, and adequacy of care coordination help received). The null hypothesis for each outcome indicator stated no change within group across time, and no change between groups across time. Descriptive and inferential statistical analysis was conducted with SAS V9.3 (SAS Institute Inc., Cary, NC).
Analysis of variance (ANOVA) and analysis of covariance (ANCOVA) tested for differences in the 5-item FCC subset at baseline and post-baseline, respectively. Pairwise comparisons (with Tukey-Kramer multiple comparison adjustments) were made if the overall ANOVA or ANCOVA was statistically significant. Fisher's exact test compared the need for and adequacy of care coordination between the three groups, at baseline, year one and year two. McNemar's test assessed changes in need for and adequacy of care coordination help within each group, at baseline versus year one and baseline versus year two. A generalized estimating equations (GEEs) model, tested need for and adequacy of care coordination between the groups over time. GEEs allow for modeling repeated measures data and baseline, year one and year two data were included. A P value \0.05 is considered statistically significant and rejects the null hypothesis.
Results
Subjects in the video group used telephone telehealth for the majority of their care coordination interactions with the APRN; on average, video telehealth was used only once by each subject. Demographic information of subjects appears in Table 1 and demographic information of survey respondents (parent/guardian) appears in Table 2 . The average age of children enrolled in the study was 7.2 years. The only difference between subject and survey respondent groups at baseline was parent report of health severity. This difference could result from non-response bias of the control group.
The first indicator of FCC coordination effectiveness used parent report of the 5-item FCC subset. For all groups, a median FCC score of 18.0-20.0 (of a maximum score of 20.0) across the 30 month study period indicated high levels of parent/guardian satisfaction and reflects the strength of the established medical home (Fig. 3) . Comparison between-groups at baseline and post-baseline yielded no significant findings. The second indicator of FCC coordination effectiveness used parent report of the need for care coordination help. Approximately 25 % of parents reported needing additional help coordinating their child's care over the 30 month study period (Fig. 3) . No significant differences were found in the need for care coordination help within or between groups at each data collection point or over time. TeleFamilies subjects have high levels of condition complexity and technology assistance that could explain an ongoing and unchanging need for care coordination help.
The third indicator of FCC coordination effectiveness used parent report of the adequacy of care coordination b Categorized using the framework reported by Berry et al. [53] and Cohen et al. [11] c Based on information obtained from completed baseline survey (control = 37, telephone = 50, video = 52)
help received. At baseline, there was no significant difference in the adequacy of help received between groups, with approximately 30 % of respondents in each group reporting adequate care coordination help (Fig. 3) . At both year one and year two data collection points, adequacy in care coordination help received within both APRN intervention groups, as compared to baseline increased significantly (P \ 0.05). This help was described by parents (Table 3) at study end and included the benefit of having a single contact person that knows 'their child's story,' understanding and learning how to best manage their child's condition, reduced stress and the ability to return to work, and the benefit of telehealth in reducing clinic visits. Adequacy of care coordination help received between groups over time yielded conflicting results, with the GEE model finding no significant change. This could be explained by the similar and significant increases in adequacy of care coordination for both intervention groups.
Discussion
FCC is a fundamental component of the pediatric medical home [21, 47] and a NQF practice standard for care coordination [41] . This paper reports preliminary evidence on the effectiveness of the APRN care coordinator role for CMC, using three FCC outcome indicators. To the best of our knowledge, this is the first report of care coordination effectiveness using these indicators. Our findings demonstrate that in a medical home with high levels of FCC, families of CMC have unmet care coordination needs that are addressed by the APRN care coordinator role (Fig. 3) . These findings align with reports from community-based complex care clinics showing significant increases in parental perception of care coordination when delivered by a pediatric nurse practitioner [34, 52] . These findings are further illustrated in the Value Model [15] which advocates matching care coordinator skillset (RN vs. APRN) to patient/family needs as complexity escalates (Fig. 1) . The 5-item FCC subset used by this study is an established measurement framework for FCC [53] . We propose that this subset alone is not a robust measure of FCC coordination for CMC because it does not measure the effect of non-PCP care coordinator roles. The 2009-2010 NS-CSHCN found 64 % of parents responding positively to the 5-item FCC subset but \20 % reporting adequacy of care coordination help received [42] . Our baseline findings found a similar gap, with high levels of FCC as measured by the 5-item FCC subset (79 %) and low adequacy of care coordination help received (30 %) for all groups. At study end, the 5-item FCC subset did not significantly change for any group but adequacy of care coordination help received increased significantly for intervention subjects. These findings provide preliminary evidence that our outcome indicators differentiate a typical medical home model of care coordination from one incorporating an APRN care coordinator working collaboratively within the medical home. Future studies should incorporate these FCC outcome indicators.
The inclusion of coordinated care as a required element for accountable care organizations under the Affordable Care Act [54] is changing the reimbursement model of care coordination. The transition from fee-for-service to totalcost-of-care highlights the importance of clinic productivity over reimbursable cost. APRN care coordinator use of telehealth to manage acute and chronic illness complaints has the potential to change clinic productivity and addresses the fundamental importance of this model, ''reduction in care fragmentation and inefficiency within and across health systems.'' [18] For control group subjects, illness calls to the clinic automatically resulted in a clinic visit and if none where available emergency department diversion. For intervention group subjects, the APRN managed acute and chronic illness complaints with telehealth. This freed PCPs to manage additional patients, especially those with higher acuity. While not reported in this paper, examination of costs deferred through better care coordination rather than simply costs incurred are needed.
The total-cost-of-care transition has also resulted in multiple demonstration projects to meet the Triple Aim [55] using care coordination interventions [56] . The organization in which this research was conducted is an emerging accountable care organization and recognized the benefit of the APRN care coordinator role for CMC. The APRN was employed by the clinic but subsidized by the research project, and upon study completion, assisted with development and implementation of the ACOs new care coordination program targeting high utilization CMC. In this program, caseload is determined by care coordination need with the APRN coordinating the most complex CMC, and RNs coordinate the remainder. Social workers and bilingual service coordinators support access to medical and community resources and administrative staff help with indirect service activities. This model differs from the one reported by this paper by utilizing a team of personnel to match care coordination need. Future studies should incorporate a model where care coordination need determines the skill level of care coordinator assignment.
This study has limitations that affect generalizability of results. The study was conducted in a medical home that provides access to an integrated EMR and a variety of subspecialists. The medical home supported the APRN care An APRN who is less integrated in the medical home could yield different results. Seventy percent of subjects in the intervention groups but only 40 % of subjects in the control group returned surveys at all three data collection points. Our findings could reflect non-response bias of the control group.
Conclusion
This paper reported on a subset of TeleFamilies findings using FCC coordination outcome measures to demonstrate the effectiveness of the APRN care coordinator role. Our findings provide evidence that families of CMC enrolled in a well-established pediatric medical home have unmet care coordination needs, and care coordination provided by an APRN via telehealth significantly address these needs. Evaluation of FCC coordination for CMC should encompass not only the measures reported in this paper, but health care service utilization, child and family quality of life and child functional status. TeleFamilies is collecting this data and future papers will report these outcome measurements. Further study of the APRN care coordinator role for CMC in other settings is needed to strengthen evidence of effectiveness. Results of these studies should inform practice improvement efforts and shape health policy to support sustainable models of care coordination that serve the needs of families with CMC.
